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Biological Monitoring of Dredging Activities in Twelvemile Creek
Draft Report

The remedial action selected to address PCB contamination in sediments of the Twelvemile Creek
arm of Lake Hartwell consists of passing sediment from two impoundments, located on
Twelvemile Creek (Woodside I and Woodside IT, Figure 1), downstream to cover contaminated
sediments in Lake Hartwell The sediment will be passed over the dams by dredge and pump, and
natural flow conditions of the stream will move the sediment to contaminated areas of Lake
Hartwell

Concerns regarding environmental impacts of the dredging operation immediately downstream of
the dredging activities have been raised The dredging activity unnaturally increases the sediment
loading downstream of the Woodside dams This increased sediment load may potentially impact
non-target areas immediately downstream of the dams before the sediment load moves naturally
to the target areas It is unclear what the short and long term impacts of the remedial action wi l l
be

Methods

To evaluate short term impacts, biological and physical assessments outlined in EPA's Rapid
Bioassessment Protocols for use in Streams and Rivers (1989) were utilized to assess the impacts
immediately downstream of the dredging operations A baseline survey was conducted prior to
the dredging operations for passing sediment in April of 1999 and a follow up survey was
conducted in September of 1999 after dredging operations had ceased Rapid Bioassessment
Protocol II (RBP II), family level macromvertebrate index was used to assess the biological
impacts of passing sediment and the habitat assessment outlined in the RBP document was
conducted to assess physical changes in the study area

Benthic macromvertebrates were sampled using a multi-habitat approach This consisted of
collecting a representative sample of organisms from all habitats present at a site Targeted
habitats included riffle/runs, undercut banks, pools, rocks, woody debris, and leaf packs Each
multi-habitat sample was preserved in the field in 70% ethyl alcohol and then transported back to
the laboratory for analysis In the laboratory the organisms in each sample were first "picked and
sorted" into major taxonomic groups and then identified to the generic level using the most
current taxonomic keys available

Benthic macro invertebrate data was analyzed based EPA's Rapid Bioassessment Protocol IT
(RBP II) found in Protocols for Use in Stream and Rivers (USEPA 1989) The RBP II is a
family level analysis based on the calculation of the following eight metrics

1 Taxa Richness
2 Family Biotic Index
3 Ratio of Scrapers/Filter Collectors
4 Ratio of EPT and Chironomid Abundances
5 % Contribution of Dominant Family



6 EPT Index
7 Community Loss Index
8 Ratio of Shredders/Total

After listing the value for each metric, the value is "scored" using the scoring criteria outlined on
p 6-12 in the RPB manual(USEPA 1989) and then a Total Score is calculated for each sampling
station The total score for each sampling station is then compared to the total score of the
background station (Station 1) and listed as a % Comparison to Reference Score The %
Comparison to Reference Score provides a Final Assessment of stream condition at each
sampling station

Five sampling locations were selected for this evaluation (see Figure 1) Station 1 was located
upstream of both dams in location that appeared to have minimal impact and was is very similar to
Station 4, an area of greatest concern Station 1 was used as a reference station for evaluating
sediment impacts Stations 2 was located just downstream of the Woodside I dam, Station 3 was
located just upstream of the Woodside II dam, and Station 4 was located just downstream of the
sediment discharge point in an area appearing to have minimal impact and representing probable
stream conditions if the two Woodside dams were not in place, Station 5 was located in a low
gradient depositional area downstream of Station 4

Results and Discussion

Habitat Assessments

The habitat assessment utilized in this investigation is outlined in EPA's RBP (1989) document
An example of the data sheet used in this assessment is presented in Appendix A Each location
received a habitat score between 0 and 120 A score of 120 is considered perfect A summary of
habitat scores is presented in Table 1

While the Habitat Score at the background station (Station 1) actually increased slightly between
the April and September sampling events, the scores for the remaining four stream stations
decreased The Habitat Assessment Field Data Sheets clearly indicate that the decrease in habitat
quality at all four stations was due to an increase in sedimentation (see categories 1, 2, 5, and 6 of
Table 1) with the sedimentation being most severe at Stations 2 and 5, less severe at Station 3 and
slight at Station 4

Although there was increased amounts of sediment observed at Station 4, the area of most
concern, it did not drastically effect the habitat score The habitat score at Station 4 went from
118 to 112 The base flow at Station 4 is probably significant enough to pass most of the
sediment being discharged with out drastically effecting the available habitat Most of the
sediment settles out near Station 5 just downstream of Station 4 in a lower gradient area Station
5 was already heavily impacted by sediment before the additional sediment was passed Its initial
habitat score was only 42 But, what little habitat was available was further impacted by the
increased sediment loading Station 5's habitat score after sediment passing dropped to 26



Station 3 was already heavily impacted by sediment and did not change considerably between the
sampling events Station 2, which is located just downstream of the Woodside 1 dam, had the
greatest decrease in habitat score between sampling events Its habitat score went from 112 to
92 Significant amounts of sediment was observed at Station 2 during the post sediment passing
sampling event However, there was enough viable habitat remaining to achieve a score as high
as 92 which is still supportive of a macromvertebrate community Station 1 was a background
area located upstream of the two Woodside dams

Benthic Community Assessment

A summary of the RBP II analysis along the habitat assessment is presented in Table 2 A list of
macromvertebrates collected and the RBP II analysis is presented in Appendix B

The results of the RBP II analysis (Total Score, % Comparison to Reference, and Final
Assessment) show that Stations 2, 3 and 5 were already moderately impaired in April while
Station 4 was non-impaired at that time However, the increase in sedimentation seen at Stations
2, 3 and 5 in September appears to have little effect on their respective benthic communities
Their Final Assessments remained unchanged

Station 4 did show a change in the benthic community, its RBP Final Assessment, dropped from a
non-impaired status to a moderately impaired status Of the eight metrics calculated in the RBP
analysis, three of the metrics scores decreased between the April and September sampling events
which resulted in the final assessment of moderately impaired These three metrics were the EPT
Index, Taxa Richness and Community Similarity The EPT Index "score" went from a 6 to a 3
between the two sampling events However, the EPT Index at Station 4 (see Tables 2 and
Appendix B) remained higher than any of the other stations, except Station 1 Although there
was a decrease in the EPT Index value at Station 4, from 16 to 10, the EPT Index value also
decreased at the Station 1 (reference station), from 16 to 12 Thus indicates that there was a shift
in the EPT index between the sampling events, probably due to seasonal fluctuations If the EPT
Index at Station 4 during the September sampling event had been 11 instead of 10, the EPT Index
"score" would have remained unchanged Therefore, the decrease in score from 6 to 3 is
considered to be minimal

There was an overall loss in taxa richness at Station 4 between the two sampling events which
resulted in decreasing the scores for the Taxa Richness and Community Similarity metrics (see
Tables 2 and Appendix B) The taxa richness at Station 1 increased between the sampling
events, so seasonal fluctuations does not explain the decline in taxa richness a Station 4

Summary

The data indicates there is some minimal impact to the stream habitat on Twelvemile Creek from
the sediment passing activities above the Woodside Dams The station with the greatest habitat
impacts was Station 5 Station 5 was already heavily impacted by sediment prior to this
investigation Station 5 is very close to the headwaters of the Twelvemile Creek arm of Lake
Hartwell It is a low gradient area where flow from the creek dramatically begins to slow down



and suspended sediment begins to drop out Sediment deposition is already a problem for this
area

Station 4, the area of most concern, was slightly impacted between sampling events There was a
decrease in the RBP II score which resulted in a change of the final assessment from non-impaired
to moderately impaired, but, the cause off this decrease does not appear to be all sediment related
As indicated above, the habitat score at Station 4 was the least affected score between sampling
events There was only a 5% reduction in habitat score between the pre and post sampling events
(Table 2) This decrease in habitat score is not significant enough to account for the decrease in
the RBP II score

There may be other factors that contributed to the decrease in the RBP II score at Station 4 The
post sediment passing sampling event occurred in September during a very dry time of year,
especially in 1999 There is small municipal sewage treatment plant just down stream of Station
2 Its possible that its discharge during a very dry time of year may of had some effect on the
creek However, assessing other contributions of potential impacts to the Twelvemile Creek is
beyond the scope of this investigation

Overall, if future sediment passing activities are restricted to high flow conditions during the year,
any impacts to the stream habitat and benthic communities of Twelvemile Creek will be minimal
and short lived
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Table 1 Habitat Assessment Summary Results for the April and September Sampling Events

Habitat Parameter

1 Bottom Substrate
(score out of 20)

2 Embeddedness
(score out of 20)

3 < 0 1 5 cms flow or
> 0 1 5 cms flow

(score out of 20)

4 Channel Alteration
(score out of 15)

5 Bottom Scouring
and deposition
(score out of 1 5)

6 Pool/riffle Ratio
(score out of 15)

7 Bank Stability
(score out of 10)

8 Bank Vegetative
Stability
(score out of 10)

9 Stream side Cover
(score out of 1 0)

Total Score

Sampling Station

1 1 2

Pre Post

18

16

18

11

10

13

8

9

7

110

18

18

19

12

11

13

8

9

7

115

Pre

18

17

15

17

13

14

5

7

6

112

Post

18

12

15

12

3

14

5

7

6

92

3

Pre

6

6

7

2

2

2

8

9

9

51

Post

5

5

5

2

2

2

7

9

9

46

4 1 5

Pre

18

17

15

13

13

14

10

10

8

118

Post

18

15

15

13

9

14

10

10

8

112

Pre

6

6

6

3

2

2

5

5

7

42

Post

2

2

2

1

1

1

5

5

7

26
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Appendix A

Habitat Assessment Data Sheets



HABITAT ASSESSMENT FORM

Hame of Hater Body /(V.'if, (

HABITAT ASSESSMENT FIELD DATA SHEET

Station QC> (

Date T ~ 1 ^

HABITAT

PARAMETER

1 BOTTOM
SUBSTRATE/
AVAILABLE

COVER

2. EMBEDDED-

NESS
(observe in

"run" area)

3 STREAM CLOU
<- 5 crs

OR

>5 crs

Slow < 1 ft/3

Fast- > 1 ft/s

Deep >1 6 ft
Shallow <1 6 ft

4. CHANNEL
ALTERATION

(resulting in a
loss of habitat)

5 BOTTOM
SCOURING

AND
DEPOSITION

6 RUN/BEND,

POOL/RirrLE
RATIO

(distance between
riffles or bends/

7 BAWK
STABILITY

9. BAJIK
VEGETATIVE
STABILITY

9. STREAMS IDE

COVER

CATEGORY RANGE

fT

EXCELLENT

>50% rubble , grave 1 ,
•ubmerged logs ,

other stable habitat

&_.__"_-"
Grave 1 , cobble,

boulder, and logs
a re <25 % surrounded

by fine sediment
or sand

J \P

Harm; 5 cfs

Slow £ deep,

slow £ sha How,
fast t deep,

fast t shallow.

/<<" 20-16
L£L

Little / no
enlargement of

islands or point

channel it at ion .

15-12

<5* of bottom
affected.

15-12

If ratio i*

5-7.

15-12
stream width) . i "2

Stable. No erosion
or bank failure .

10-9

>BO* of streambanJr.

or boulders and
cobblea .

Gf 10-9

Dominant vegetation
is shrub

10-9

135-104

Investigator (̂ -C/ Cî L

CATEGORIES

GOOD

50-30% rubble,gravel
or othe r stable

habi'tat
Adequate habit a t

15-11

Gravel , cobble,

boulder, and logs
are 25-50% surrounded

by f i ne sediment
or land

15-11

5-2 cfs

15-11

3 of 4 habitats
present. (Hissing
ri f f lea or runs

missing pool a ]

15-11

irat ion present .

/J
5-30* affected. Scour
•t constrictions and

deposition in pool s .

ID n-e
If ratio is

7-15.

11-fl

Moderately stable.

mostly healed over.

s
79-50* covered by

larger material.

6-6

Dominant vegetation
is of tree form.

103-71

/ 1/1r 1 Jus /v\

FAIR

30-10% rubble, gravel
or other at able

habitat . Habitat
availability <

dm t i rabl •
10-6

Gra v*> 1 , cobble ,

boulder , and logs
are 50-75% BUT rounded

by fine sndinent
or sand

10-6

2-1 cfs

10-6

2 of 4 habitats
present (His sing

riffles/runs get
lower score . J

10-6

sand on old and new

filled w/silt/and/or
enbanXment s on both

banks .

7-4

30-50* affected.
Depos it and scour at

and constrict ions .

7-4

If ratio is

15-25

7-4

Moderately unstable.

high flow.

5-3

49-25* covered by

5-3

Dominant vegetation
is grass or forbes.

5-3

70-35

SCORE //«O

POOR 1 COKMT

<10* rubble, gravol )
or other stable |

habitat. Lack of |
habitat is obvious t

1
5-0 |

Gravel, cobble, i
boulder, and logs |

are >75% sur rounded |
by f inf sediment |

or a and

5-0 |

1
1 cfs |

5-0 I

Dominated by one |
velocity /depth |

category (usually |
pool ) . |

1

5-0 I

Reavy deposit s of 1
fine material, bar I

Host pools filled w/ |
silt/and/or extensive]

channelization. |

1

3-0 |

>50* bottom changing I
nearly year long. |

deposition. Only |

3-0 I

If ratio la |

>25 |

1
3-0 |

1

Unstable . Many eroded!

and b«nds . |

2-0 I

<25* covered by |

1

2-0

>50* no vegetation
Dominant material is

soil, rock, bridge
materials, culverts , or

mane tailings .

2-0

34-0

A-l



HABITAT ASSESSMENT FORM

N.m. of Hate r Body Tn/nliXfe /fl . ' lf t (/

HABITAT ASSESSMENT FIELD DATA SHEET

Station ' 0 O 2.

#

O.te Y-7-

HABITAT

PARAMETER

1 BOTTOM

SUBSTRATE/

AVAILABLE

COVER

2 EMBEDDED-

NESS

{observe in

" run" area )

3 STREAM FLOW

<- 5 crs

OR

>5 crs

SlOW. < I ft/3

Fast > 1 ft/3

Deep >1.6 ft

Shallow <1 6 ft

4. CHANNEL

ALTERATION

loss of habitat)

5 BOTTOM

SCOURING

AND

DEPOSITION

6. RUN/BEND,

POOL/RIFFLE

RATIO

(distance between

riffles or bends/

7. BANK

STABILITY

8. BW1K

VEGETATIVE

STABILITY

9. STREAMSIDE

COVER

rtfqC/f /i <wb
(f̂ _l\̂

CATEGORY RANGE

fr

EXCELLENT

>50% rubble, gravel,

subm« rged logs ,

undercut bants , or

other stable habitat

Crave 1 , cobble,

boulder, and logs

a re <25 * surrounded

by fine sediment

or sand.

ifl 20-16

Harm; 5 cfs

Ml habitats present

Slow t deep,

alow t shallow,

fast & deep,

fast £ shallow

20-16

Little / no

channel! rat ion.

15-12

<5* of bottom
affected.

/3 15~12
If ratio ia

5-7.

15-12
stream width) . ffl

Stable . Ho eroaion

or bank failure.

10-9

>flO* of atreambank

or boulders and

cobbles .

10-9

Dominant veget at ion

is ahrub

10-9

135-104

ln»«i,.t.r 6C«U,1

CATEGORIES

WOO

50-30% rubble gravel

or other stable

habitat

Ad*icpjate habitat

15-11

Gravel , cobble,

boulder, and logs

are 25-50% surrounded

by fine sediment

or vand

15-11

5-2 cfs

15-11

3 of 4 habitats

present (Missing

riffles or runs

missing pools)

J.S 1S-M

ization present

u
5-30* affected. Scour

at constrict ion a and

depoaltion in pools

11-0

If ratio is

7-13

11-8

Moderately stable.

Inf r«nquent erosion

mostly healed over

79-50* covered by

larger material.

Dominant vegetation

la of tree form.

(o .-«

103-71

y / fi0r^

FAIR

30-10% rubbl e , grave 1

or other stable

habitat Habitat

ava ilabil Ity <

d« «i rable

10-6

Gra v« I. cobble,

boulder, and logs

are 50-75% surrounded

b^ f ine sediment

or a and

10-6

2-1 cfs

10-6

2 of 4 habitats

present (His aing

riff les /runs get

lower score . }

10-6

filled w/»ilt/and/or

ban):*

7-4

30-50* affected.

Deposit and scour at

and con at rict ion*.

7-4

If ratio ia

15-25

7-4

Moderately unatabl*.

high flow.

49-25% covered by

5-3

Dominant vegetation

is grass or f ortusa .

5-3

70-35

SCORE lOfy

POOR | COHMF

<10% rubble, gravel

or other stable

habit at Lack of

habitat is obvious

5-0

Gravel, cobble ,

bo u Ida r , and logs

are >75* surrounded

by fine sediment

or sand

5-0

1 cfs

5-0

Dominated by one

velocity /depth

category (usually

pool ) .

5-0

Heavy deposits of

fine material, bar

Most pools filled w/

ailtr and/or extensive

channelization.

3-0

>50* bottom changing
nearly year long.

deposition. Only

3-0

If ratio la

>25.

3-0

Unstable. Many eroded

and bends.

2-0

<25* covered by

larger material.

2-0

1

* »

>50* no vegetation
Dominant material u

soil, rock, bridge
mate rials, culverts, or

m_in« tailings

2-0

34-0

A-l



HABITAT ASSESSMENT FORM

Name of Ha te r Body

HABITAT ASSESSMENT FIELD DATA SHEET

/•
Station

D.t. </-•?-

HABITAT

PARAMETER

1 BOTTOM
SUBSTRATE/
AVAILABLE
COVER

2. EKBEDDED-

NESS
(observe in

" run" area)

3 STREAM FLOW
<- 5 CFS

OR

>5 crs

Slow < 1 ft/3

Fast > 1 ft/3

Deep: >1.6 ft
Shallov<1.6 ft

4 . CHANNEL
ALTERATION

(resulting in a
loss of habitat)

5 BOTTOM
SCOURIIIG

AND
DEPOSITION

6 RUN/BEND,

POOL/RIFFLE
RATIO

(distance between
riffles or b«nds/

7. BANK
STABILITY

8. BANK
VEGETATIVE

STABILITY

9. STREAHSIOE

COVER

CATEGORY RANGE

?f

EXCELLENT

>50* rubble , gra v«l,
aubmfl rged logs ,

undercut banks , or
other stable habitat

20-16

Crave 1 , cobble ,

boulder, and logs

are <25* surrounded
by fine sediment

or sand.

20-16

H« nnj 5 c f a

20-16

Slow C d««p,
a low £ aha How,

fa«t I deep,
fast S shallow.

20-16

Little / no

i • 1 • nd s or po i n t

channelixation.

15-12

<5% of bottom
affected.

15-12

If ratio la
3-7.

15-12
• treatn width) .

Stable. Ho «ro«ion

or bank, failure .

10-9

>80% of atreambanJr.

or boulder a and
cobble* .

Dominant vegetation
i* shrub

9 10-9

135-104

Investigator c— C ̂ -*

CATEGORIES

GOOD

50-30* rubble, gravel
or other stable

habltit
Adoqxiat* habitat .

15-11

Grtvol , cobble,

boulder, and logs
are 25-50* iur rounded

by fine sediment
or aand

15-11

5-2 cf*

3 of 4 habitats

riffles or runs

mi s a ing pool f }

15-11

11-6

3-30% affected. Scour
at constriction* and

11-8

If ratio ia

7-13.

11-8

Hod«r*t«ly at able .

mostly healed over

^ B-6

79-50* covered by

larger material.

8-6

Dominant vegetation

it of tree form.

6-6

103-71

»'5 / Of) / 1/\

FAIR

30-10* rubble, gravel
or other stable

habitat Habitat
availability <
d* *i rable .

Ao

boulder, and logs

ore 50-75% surrounded
by fine tedlment

or sand
£ 10-6

2-1 cfs

2 of 4 habitats

riffle* /runs get

L4/ «̂ *J

d i i

filled w/ailt;and/or

embanXfflents on both
banXs .

7-4

30-50* affected.

Depoait and acour at

7-4

If ratio la

15-25.

7-4

Moderately unstable.

high flow.

5-3

49-25% covered by

la rger material .

5-3

Dominant vegetation
is grass or forbea.

5-3

70-35

SCORE !_).»<.

POOR | COHME

<10% rubble, gravel
or other stable

habitat LacJc of

5-0

Gravel, cobble,

boulder, and logs
are >75% surrounded

by fine sediment
or sand

5-0

1 cfs

5-0

Dominated by one
velocity /depth

category (usually

pool) .

M s-o

Heavy depos its of

Koat pools filled w/
•ilt / and/or oxtensiv

channelization.

_2_ 3-0

>50% bottom changing
nearly year long.

deposition. Only

e^ 3"°
If ratio ia

>25

3-0

Unstable. Many eroded

and bends.

2-0

<25% covered by

2-0

>50% no veget at ion
Dominant material is
joil, rock , bridge

materials, culverts , or
mine tailings

2-0

34-0

1

A-l



HABITAT ASSESSMENT FORM

Narae of Hater Body I<1 1 l& Lf .

HABITAT ASSESSMENT FIELD DATA SHEET

Station f O0\

Date f 1 "

HABITAT

PARAMETER

1 . BOTTOM
SUBSTRATE/
AVAILABLE

COVER

2 EMBEDDED-

NESS
(observe in

"run" area)

3. STREAM FLOW
<- 5 CFS

OR

>5 CFS

Slow < 1 ft/s
Fast > 1 ft/s

Deep >1 6 ft
Shallow <1. 6 ft

4. CHANNEL
ALTERATION

loss of habitat)

5. BOTTOM
SCOURING

AND
DEPOSITION

6. RUN/BEHD,
POOL/RirrLE

RATIO
(distance between
riffles or bends/

7. BANK
STABILITY

8. BANK
VEGETATIVE
STABILITY

9. STREAMSIDE

COVER

CATEGORY RANGE

f*? Investigator (ffal A / /) ff ̂VY

EXCELLENT

>50% rubble , grave 1 ,
submerged logs.

other stable habitat

}C 20-16
• V

Gravel, cobble,

boulder, and logs
are <25* surrounded

by fine sediment
or sand

I *1 20-16

Harm/ 5 cfa

All habitats present
Slow £ deep.

fast t deep,
fast C shallow

20-16

Little / no

enlargement of

channelization,

13 »-»
<5% of bottom

affected.

\3 15-12
If ratio is

3-7.

15-12
stream width). J (T

Stable. Ho erosion

>80% of streatabatiX

covered by vegetation
or boulders and

cobbles .

J.0....1!:! .
Dominant vegetation

is shrub

10-9

135-10*

CATEGORIES

GOOD

50-30* rubble.gr a v«l

or other atabl e

habitat
Adequate habitat

15-11

Grav«s 1 , cobble,

boulder, and logs
are 25-50% surrounded

by f i ne sediment
or a and

15-11

3-2 cfs
15-11

3 of -1 habitats

present. (Missing
riffles or runs

missing pools) .

b

ization present .

11-8

5-30* affected. Scour
at constrictions and

11-8

If ratio is
7-13.

11-8

Moderately stable.

Infrequent erosion
mostly healed over.

8-6

79-50* covered by

vegetation, gravel or
larger material.

8-6

Dominant veget at ion
is of tree form.

O 8-6

103-71

FAIR

30-10% rubble, gravel
or other stable

habitat. Habitat
availability <

doiirabl*
10-6

Cr • ve 1 , cobble,

boulder, and logs
are 50-75% surrounded

by f ine sediment
or jand

2-1 cfs

2 of 4 habitats
present (Missing

riffle s /run a get
lower score . )

10-6

filled w/alltiand/or

banks

30-50* affected.
Deposit and scour at

7-4

If ratio is
15-25

7-4

Moderately unstable.

f

high flow.

5-3

49-25% covered by
vegetaticn, gravel or

5-3

Dominant vegetation

is grass or forbes.

5-3

70-35

SCOP.E I/Q

POOR | comr

< 1 0% rubble , gravel |
or other stable |

habitat Lack of |

1
5-0 |

Gravel , cobble , I
boulde r , and logs I

a re >75% surrounded |

by fine sediment |
or sand,

5-0 |

i
1 cfs |

5-0 |

Dominated by one |
velocity/depth |

category (usually |
pool) |

1

5-0 1

fine material, bar |

Host pools filled w/ |
ailt/and/or extensive)

channelization. ]

1

3-0 I

>50% bottom changing 1
nearly year long. |

deposition . Only 1

3-0 |

If ratio ia |

>25. |

1
3-0 |

1

Unstable . Hany eroded!

frequent on straight 1
and bends . |

2-0 I

<23% covered by |

vegetation, gravel or I

i
2-0 1

>50» no vegetation

Dominant material is
soil, rock, bridge

materials, culverts, or
mine tailings

2-0

34-0

A-l



HABITAT ASSESSMENT FORM

Name of Ha te r Body fll/'ffr O-

HABITAT ASSESSMENT FIELD DATA SHEET

Stat ion I

D.t. 4-1-

HABITAT

PARAMETER

1 BOTTOM
SUBSTRATE/

AVAILABLE
COVER

2 EMBEDDED-
HESS

(observe in

" run" area)

3. STREAM FLOW
<- 5 CFS

OR

>5 CFS

Slow: < 1 ft/,

Fast > 1 ft/s
Deep- >1 6 ft
Shallow <1.S ft

4. CHAHIICL
ALTERATION

(resulting in a
loaa of habitat)

5 BOTTOM
SCOURING

AND

DEPOSITION

«. RUN/BEND,

POOL/RIFFLE
RATIO

(distance between
riffle* or b*nd«/

7. BANK
STABILITY

.•

ilob
8. BANK

VEGETATIVE

STABILITY

9. STREAMSIDE
COVER

N

CATEGORY RANGE

ft

EXCELLENT

>SO* rubble, gravel,
•ubmerged logs ,

undercut banks, or
other stable habitat

20-16

Crave 1 , cobble,
boulder, and logs

• re <25 % surrounded
by fine sediment

or sand

20-16

Ha na; 5 c f a

20-16

AJ.1 habitats preaent
Slow ( d**p,

alow t shallow,
fast C de«p,

[met (. shallow

20-16

Little / no

•nlargem«nt of
inlands or point

channelization .

15-12

<5* of bottom
•ff«ct«d.

15-12

It ratio la
5-7.

15-12
atr«am width) .

Stabl*. Ho «ro«ion
or bank f ailur* .

10-9

>60% of streatnbanX

or boulders and
cobbl«a .

10-9

DominanC vegetation
i* shrub

10-9

135-10^

Investigator C'î *̂-'1

CATEGORIES

GOOD

50-30% rubble, gravel
or other st tble

habitat.
Adequate habit at

15-11

Cravel. cobble,
bou Ider , and log*

a re 25-50* surrounded

by fine sediment
or «and

15-11

5-2 cfj

iD-̂ 3̂ *-11

3 of 4 habitatfl
present (Missing

riffles or runs

misalng poolij

15-11

11-8

5-30% «ffect«d. Scour
at conatrict ion* and

depoait ion in poo la .

11-9

If ratio ia
7-15.

11-8

Moderately stable.

oofltly healed over

fl-6

79-50% covered by

larger material.

8-6

Dominant vegetation
ia of tree form.

1 ...
103-71

A-l

)/̂ )ô x̂.. /.

FAIR

JO-10% rubble, gravel
or other stable

habitat. Habitat
availability <
d.alrabl*

(, l°-6

Gr a ve i , cobble,

boulde r , and logs
are 50-75% au r rounded

by f ine sediment
or sand

(a 10-'

3-1 cfj

[o 10-'
2 of 4 habitats

preaent. (Hi 8 * ing

riffles/runs get

L$̂ °-*

aan o n

filled w/«ilt/and/or
embankment a on both

bank*
1-4

30-50% effected.

Deposit and »cour at

and conatrict iona .
Soro« filling of pool*

7-4

If ratio i«

15-25.

7-4

Moderately unstable.

High erosion during
high flow.

£_„!:!„
49-25% covered by

5
Dominant vegetation
ia gra BB or f orbma .

5-3

70-35

SCORE *7 b

POOR | COKMT

<10% rubble, gravel
or othe r at able

habitat. I-ack of
habitat la obvious

5-0

Gravel, cobble,

boulder, and log a
are >75% surrounded

by fine sediment
or sand

5-0

1 cfs

5-0

Dominated by one
velocity/depth

category (usually

pool I .

5-0

Heavy d«po» It a of

fine material* bar

Host pools filled w/
alltr and/or oxtenaiv

channelization

J 3~°

>50% bottom changing
nearly year long.

depoait Ion. Only

large rock a expo red.

a ]-°
If ratio ia

>25.

3-0

-• A.
Unstable. Many eroded

frequent on at raight
and bend a.

2-0

<25% covered by

larger material .

2-0

>50% no vegetation
Dominant material u

soil, rock, bridge
materials, culx-erts, or

mAne tailings

2-0

34-0

" *



HABITAT ASSESSMENT FORM

Name of Water Body_

Date V ' **S '

M.'k
HABITAT ASSESSMENT FIELD DATA SHEET

•x/TC'F*~. Station^

Investigator^, 115
CATEGORIES

HABITAT
PARAMETER

1 Bottom Substrate/
Available Cover

2 Embeddedneu
(observe in "run '
area)

3 Stream Flow
<- 5 CFS

OR

> 5 C F S

Slow <1 (Vi
Fast > 1 ft/s
Deep > 1 6 ft
Shillow <1 6 ft

4 Channel Alteration
(resulting in • loss of
hibitat)

S Bottom Scouring and
Deposition

6 Run/Bend
Pool/Riffle Rauo
(Distance between
nflles or bends/
stream width)

7 Bank Stability

8 Bank Vegetative
Stability

9 Streamside Cover

CATEGORY RANGE

EXCELLENT

>50V. rubble, gravel,
submerged logs,

undercut banks, or
other stable habitat

|g 20-16

Gnvel cobble, boulder.
and logs are <25%
surrounded by fine
sediment or sand

|£ 2(M6

Warm/ 5 cfi

20-16

All habitats present
i low & deep.

slow& shallow
fast & deep,

fast & shallow

iG 20-16

Little/no enlargement of
islands or point ban and

/or no channelization

12-
<5% of bottom affected

15-12

If the ratio is 5-7

13 "-"
Stable No erosion or bank

failure

10-9

>80% of itreambank
covered by vegetation or

boulders and cobbles
s* 10-9

<,
Dominant vegetation a

shrub

10-9

135-104

GOOD

50-30% rubble, gravel or
other stable habitat

Adequate habitat

15-11

Gravel cobble, boulder
and logs are 25- SO*/*
surrounded by fine
sediment or sand

15-11

5-2 cfs

15-11

3 of 4 habitats present
(Missing n files or runs get
lower score than missing

pools)

15-11

Some new increase in bar
formation, mostly from

coarse gravel and/or some
channelization present

11-8

5-30% affected Scour at
constrictions and steep

grades Some disposition
m pools

I I
If the ratio u 7-15

11-8

Moderately stable
Infrequent erosion mostly

healed over

<5 8-6

79-50% covered by
vegetation, gravel or larger

material

8-6

Dominant vegetation is
tree form

"*| 8-6

103-71

FAIR

30-10% rubble, gravel or
other stable habitat
Habitat availability <

desirable
10-6

Gravel cobble boulder
and logs are 50-75%
surrounded by fine
sediment or sand

10-6

2-1 cfs

10-6

2 of 4 habitats present
(Missing nffles/runj get

lower ICOTC )

10-6

Moderate deposition of
new gravel, coarse sand on

old &. new bars/pools
partially filled w/ult,

and/or embankments on
both banks

7-»

30-50% affected Deposit
and icour at obstructions
bends and constrictions

Some fi l l ing of pools

7-4

If the ratio is 15-25

7-4

Moderately unstable
Moderate erosion High
erosion during high flow

5-3

49-25% covered by
vegetation gravel or larger

material

5-3

Dominant vegetation is
grass forbes

5-3

70-35

POOR

<10% rubble, gravel or
other stable habitat Lack

of habitat is obvious

5-0

Gravel cobble boulder
and logs are >75%
surrounded by fine
sediment or sand

5-0

I cfs

5-0

Dominated by one
velocity /depth category

(Usually pool )

5-0

Heavy deposits of fine
material, bar development
increase Host pools filled

w/ stlt and/or extensive
channelization

3-0

>50% bottom changing
nearly year long Pools

absent due to deposition
Only large rocks exposed

3-0

I f lhc rauo is>25

3-0

Unstable Many eroded.
areas "Raw" areas

frequent on straight and
bends

20

<25% covered by
vegetation gravel or larger

material

20

>50% no vegetation
Dominant material is soil

rock, bridge materials,
culverts or mine tailings

20

34-0

COMMENTS



HABITAT ASSESSMENT FORM

HABITAT ASSESSMENT FELD DATA SHEET

Name of W.ier Body Ti-'(,W MllfJ C(CC\i Suuontf D0 J-

D... 9 ' * -? f Investigator C /J J(. -J I'

CATEGORIES

HABITAT
PARAMETER

1 Bottom Substrate/
Available Cover

2 Em bedded ness
(observe in run
area)

3 Stream Flow
<- 5 CFS

OR

> 5 C F S

Slow <\ ft/i
Fast > 1 ft/i

Deep > I 6 ft
Shallow <1 6 ft

4 Channel Alteration
(resulting in i lou of
habiut)

5 Bottom Scouring and
Deposition

6 Run/Bend
Pool/Rjffle Ratio
(Distance between
riffles or bends/
stream width)

7 Bank Stability

8 Bank Vegetative
Stability

9 Streamside Cover

CATEGORY RANGE

EXCELLENT

>50% rubble, gravel
submerged logs

undercut banks, or
other stable h&bitat
|<^ 20-16

Gravel cobble, boulder,
and logs are <25%
surrounded by fine
sediment or sand

20-16

Warm/ 5 cfs

20-16

AU habitats present
slow &, deep

slow & shallow
fast & deep,

fast & shallow

20-16

Little/no enlargement of
islands or point bars, and

/or no channelization

15-12

<5% of bottom affected

15-12

If the ratio is 5-7

1^ ,5-12

Stable No erosion or bank
failure

10-9

>80% of sircambank
covered by vegetation or

boulders and cobbles
10-9

Dominant vegetation is
shrub

10-9

135-104

GOOD

50-30% rubble, gravel or
other stable habitat

Adequate habitat

15-11

Gravel, cobble, boulder,
and logs are 25-50%
surrounded by fine
sediment or sand

12. 15-"
5-2 cfs

15-11

3 of 4 habitats present
(Missing riffles or runj get
lower score than missing

pools)

IS 15-"
Some new increase in bar

formation, mostly from
coarse gravel and/or some

channelization present

S 11-8

5-30% affected Scour at
constrictions and steep

grades Some disposition
in pools

11-8

If the ratio is 7-15

11-8

Moderately stable
Infrequent erosion mostly

healed over

8-6

79-50% covered by
vegetation gravel or larger

material

•*•! 8-6

Dominant vegetation a
tree form

8-6

103-71

FAIR

30-10% rubble, gravel or
other stable habitat
Habiut availability <

desirable
10-6

Gravel, cobble, boulder
and logs are 50-75%
surrounded by fine
sediment or sand

10-6

2-1 cfs

10-6

2 of 4 habitats present
(Musing riffles/runs get

lower score )

10-6

Moderate deposition of
new gravel, coane sand on

old £ new bars/pools
partially filled w/ silt,

and/or embankments on
both banks

7-4

30-50% affected Deposit
and scour at obstructions
bends, and constrictions

Some filling of pools

7-4

If the ratio is 15-25

7-4

Moderately unstable
Moderate erosion High

erosion during high flow

5 »
49-25% covered by

vegeiauon, gravel or larger
material

5-3

Dominant vegetation is
grass forbes

t> "
70-35

POOR

<10% rubble, gravel or
other stable habitat Lack

of habitat is obvious

5-0

Gravel, cobble, boulder,
and logs are >75%
surrounded by fine
sediment or sand

5-0

1 cfs

5-0

Dominated by one
velocity /depth category

(Usually pool )

5-0

Heavy deposits of fine
material, bar development
increase Host pools filled

w/ silt and/or extensive
channelization

3-0

>50% bottom changing
nearly year long Pools

absent due to deposition
Only large rocks exposed

3
If the ratio is >25

3-0

Unstable Many eroded
areas "Raw" areas

frequent on straight and
bends

2 0

<25% covered by
vegetation gravel or larger

material

2 0

>50% no vegetation
Dominant material is soil

rock, bridge materials,
culverts or mine tailings

20

34-0

COMMENTS



NameofWaierBody_ Ttvtkt It!'It

HABITAT ASSESSMENT FORM

HABITAT ASSESSMENT FIELD DATA SHEET

-94 Invealifiaior L,) fil Li £_•

CATEGORIES

HABITAT
PARAMETER

I Bottom Substrate/
Available Cover

1 Embeddedness
(observe in 'run
area)

3 Stream Flow
<=5CFS

OR

> 5 C F S

Slow <] ft/i
Fast > 1 ft/s

Deep > I 6 ft
Shallow <] 6ft

4 Channel Alteration
(resulting in a loss of
habitat)

5 Bottom Scouting and
Deposition

6 Run/Bend
Pool/Riffle Ratio
(Distance between
nfflea or bends/
stream width)

7 Bank Stability

8 Bank Vegetative
Stability

9 Streamsidc Cover

CATEGORY RANGE

EXCELLENT

>50% nibble, gravel,
submerged logs,

undercut banks, or
other stable habitat.

20-16

Gravel cobble, boulder
and logs are <25%
surrounded by fine
sediment or sand

20-16

Warm/ 5 cfs

20-16

All habitats present
slow & deep

slow& shallow
fast & deep.

fast & shallow

20-16

Linle/no enlargement of
islands or point ban and

/or no channelization

15-12

<5% of bottom affected

15-12

If the ratio is 5-7

15-12

Stable No erosion or bank
failure

10-9

>80% of streambank
covered by vegetation or

boulden and cobbles

9
Dominant vegetation is

shrub

$ 10-9

135-104

GOOD

50-30% rubble, gnvel or
other stable habitat

Adequate habitat.

15-11

Gravel cobble, boulder
and logs are 25-50%
surrounded by fine
sediment or sand

15-11

•5-2 cfs

15-11

3 of 4 habitats present
(Missing riffles or runs get
lower score than missing

pools)

15-11

Some new increase in bar
formation, mostly from

coarse gravel and/or some
channelization present

11-8

5-30% affected Scour at
constrictions and steep

grades Some disposition
in pools

1 1 -8

If the ratio is 7-15

11-8

Moderately itablt
Infrequent erosion mostly

healed over

-7 „
79-50% covered by

vegetation gravel or larger
material

8-6

Dominant vegetation is
tree form

3-6

103-71

FAIR

30-10% rubble, gravel or
other stable habitat.
Habitat availability- <

desirable
10-6

Gravel cobble, boulder
and togs are 50-75%
surrounded by fine
sediment or sand

10-6

2- 1 cfs

10-6

2 of 4 habitats present
(Missing riffles/runs get

lower score )

10-6

Moderate deposition of
new gravel coarse sand on

old & new bars/pools
partially filled w/ nit,

and/or embankments on
both banks

7-4

30-50% affected Deposit
and scour at obstructions
bends and constrictions

Some filling of pools

7-4

If the ratio is 15-25

7-4

Moderately unstable
Moderate erosion High
eronon during high flow

5-3

49-25% covered by
vegetation gravel or larger

material

5-3

Dominant vegetation is
grass forbes

5-3

70-35

POOR

<10% rubble, gravel or
other stable habitat Lack

of habitat is obvious

3 5-°
Gravel cobble boulder

and logs are >75%
surrounded by fine
sediment or sand

6 5-°
1 cfs

f
Dominated by one

velocity/depth category
(Usually pool )

5-0

Heavy deposits of fine
material, bar development
increase Host pools filled

w/ silt and/or extensive
channelization

2-
>50% bottom changing
nearly year long Pools

absent due to deposition
Only large rocks exposed

o 3-°
If the ratio is >25

2.
Unstable Many eroded

areas "Raw" areas
frequent on straight and

bends
20

<25% covered by
vegetation gravel or larger

material

20

>50% no vegetation
Dominant material is soil

rock, bridge materials,
culverts, or mine tailings

2 0

34-0

COMMENTS



Name of Water Body_

Date C? ' % -ft?

HABITAT ASSESSMENT FORM

HABITAT ASSESSMENT FIELD DATA SHEET

Invesugator_ L\] . TL

CATEGORIES

HABITAT
PARAMETER

1 Bottom Substrate/
Available Cover

2 Embeddedness
(observe in "run"
are*)

3 Stream Flow
<-5CFS

OR

> 5 C F S

SlOW <l ft/3

Fast > 1 ft/s
Deep > 1 6 ft
Shallow <l 6 ft

4 Channel Alteration
(resulting in a loss of
habitat)

5 Bottom Scouring and
Deposition

6 Run/Bend
Pool/Riffle Ratio
(Distance between
nftles or bends/
itream width)

7 Bank Stability

8 Sink Vegetative
Stability

9 Streamside Cover

CATEGORY RANGE

EXCELLENT

>50% rubble gravel
submerged logs,

undercut banks, or
other stable habitat.

) £ 20.16

Gravel cobble, boulder
and logs are <25%
surrounded by fine
sediment or sand

20-16

Warm/ 5 cfs

20-16

All habitats present
slow & deep,

slow & shallow
fast &. deep

fist & shallow

20-16

Little/no enlargement of
ulands or point ban and

/or no channelization

n is-12

<5% of bottom affected

15-12

If the ratio is 5-7

)i| ,5-12

Stable No erosion or bank
failure

\v io-9

>80% of itream bank
covered by vegetation or

boulders and cobbles
10-9

Jo
Dominant vegetation is

shrub

10-9

135-104

GOOD

50-30% rubble, gravel or
other stable habitat

Adequate habitat

15-11

Gravel cobble boulder
and logs are 25-50%
surrounded by fine
sediment or sand

K 15-"
5-2 cfs

15-11

3 of 4 habitats present
(Missing n files or runs get
lower score dian miumg

pools)

/s is-n

Some new increase in bar
formation, mostly from

coarse gravel and/or some
channelization present

11-8

5-30% affected Scour at
coiutnctioiu and steep

grades Some disposition
in pools

9 .1-8

If die ratio is 7-15

11-8

Moderately stable
Infrequent erosion mostly

healed over

8-6

79-50% covered by
vegetation gravel or larger

material

8-6

Dominant vegetation is
tree form

3 «
103-71

FAIR

30-10% rubble, gravel or
other stable habitat
Habitat availability <

desirable
10-6

Gravel cobble, boulder
and logs are 50-75%
surrounded by fine
sediment or sand

10-6

2-1 cfs

10-6

2 of 4 habitats present
(Missing riffles/runs get

lower score )

10-6

Moderate deposition of
new gravel coarse sand on

old & new bars/pools
partially filled w/ silt,

and/or embankments on
both banks

7-4

30-50% affected Deposit
and scour at obstructions
bends and constrictions

Some fi l l ing of pools

7-4

If the ratio is 15-25

7-4

Moderately unstable
Moderate erosion High
erosion during high flow

5-3

49-25% covered by
vegetation, gravel or larger

material

5-3

Dominant vegetation is
grass forbes

5-3

70-35

POOR

< 10% rubble gravel or
other stable habitat. Lack

of habitat is obvious

5-0

Gravel cobble boulder
and logs are >75%
surrounded by fine
sediment or sand

5-0

Icfs

5-0

Dominated by one
velocity/depth category

(Usually pool )

5-0

Heavy deposits of fine
matenaj bar development
increase Host pools filled

w/ silt and/or extensive
channelization

3-0

-•50% bottom changing
nearly year long Pools

absent due to deposition
Only large rocks exposed

3-0

If the ratio is >25

3-0

Unstable Many eroded
areas "Raw" areas

frequent on straight and
bends

20

<25% covered by
vegetation gravel or larger

material

2 0

>50% no vegetation
Dominant material is soil,

rock, bridge materials,
culverts, or mine tailings

20

34-0

COMMENTS

.



HABITAT ASSESSMENT FORM

Name of Water Body

HABITAT ASSESSMENT FIELD DATA SHEET

Cfe?i( Sutionlf

Investigator *- • J -J

CATEGORIES

HABITAT
PARAMETER

1 Bottom Substrate/
Available Cover

2 Embeddedness
(observe m "run'
area)

3 Stream Flow
<- 5 CFS

OR

> 5 C F S

Slow <i ft/i
Fast > 1 ft/s

Deep > 1 6 ft
Shallow <l 6ft

4 Channel Alteration
(resulting m a loss of
habitat)

5 Bottom Scouring and
Deposition

6 Run/Bend
Pool/Riffle Ratio
(Distance between
riffles or bends/
stream width)

7 Bank Stability

8 Bank Vegetative
Stability

9 Streamside Cover

CATEGORY RANGE

EXCELLENT

>50% rubble, gravel
submerged logs,

undercut banks, or
other stable habitat.

20-16

Gravel cobble, boulder
and logs are <25%
surrounded by fine
sediment or sand

20-16

Warm/ 5 cfs

20-16

All habitats present
slow & deep

slow &. shallow
fast & deep,

fait & shallow

20-16

Little/no enlargement of
islands or point ban and

/or no channelization

15-12

<S% of bottom affected

15-12

If the ratio is 5-7

15-12

Stable No erosion or bank
failure

10-9

>80% of streambank
covered by vegetation or

boulders and cobbles
10-9

Dominant vegetation is
shrub

10-9

135-104

GOOD

50-30% rubble, gravel or
other stable habitat

Adequate habitat

15-11

Gravel cobble, boulder,
and logs are 25-50%
surrounded by fine
sediment or sand

15-11

5-2 cfs

15-11

3 of 4 habitats present
(Missing riffles or runs get
lower score than missing

pools)

15-11

Some new increase in bar
formation, mostly from

coarse gravel and/or some
channelization present

11-8

5-30% affected Scour at
constrictions and steep

grades Some disposition
m pools

11-8

If the ratio is 7-15

11-8

Moderately liable
Infrequent erosion mostly

healed over

8-6

79-50% covered by
vegetation, gravel or larger

material

8-6

Dominant vegetation is
tree form

7 M

103-71

FAIR

30-10% rubble, gravel or
odier stable habitat.
Habitat availability <

desirable
10-6

Gravel, cobble, boulder
and logs are 50-75%
surrounded by fine
sediment or sand

10-6

2- 1 cfs

10-6

2 of 4 habitats present
(Missing riffles/runs get

lower score )

10-€

Moderate deposition of
new gravel, coarse sand on

old & new ban/pools
partially filled w/ si It,

and/or embankments on
both banks

7-4

30-50% affected Deposit
and scour at obstructions,
bend) and constrictions

Some filling of pools

1̂ ,

If the ratio is 15-25

7-4

Moderately unstable
Moderate erosion High
erosion during high flow

5 5-3

49-25% covered by
vegetation gravel or larger

material

5" 5-3

Dominant vegetation is
grass forbes

5-3

70-35

POOR

<10% rubble gravel or
other stable habitat. Lack

of habitat is obvious

2 ™
Gravel, cobble, boulder

and logs are >75%
surrounded by fine
sediment or sand

a 5-°
l e f t

5-0

Dominated by one
velocity/depth category

(Usually pool )

2 M

Heavy deposits of fine
material, bar development
increase Host pools filled

w/ nit and/or extensive
channelization

I 3-0

>SO% bottom changing
nearly year long Pools

absent due to deposition
Only large rocks exposed

1
If the ratio 11 >25

1 "

Unstable Many eroded
areas 'Raw" areas

frequent on straight and
bends

20

<25% covered by
vegetation gravel or larger

material

2 0

>50% no vegetation
Dominant material is soil,

rock, bridge materials
culverts or mine tailings

20

34-0

COMMENTS

.



Appendix B

RBP Analysis and Macroinvertebrate Data
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î
CM

X— T—

^

T—

CD

^^
"5
C-
•*

O) O> O)

t_
0
"o
CD

8

£ £ (5
Q. Q. 0)

i— t— -*±
O O *u
(/5 (/) O)

ep
ta

ge
ni

id
ae

S
te

no
ne

m
a

S
te

na
cr

on

I

-

,_

,_

^^
"5
G-
•*

o> S E

t_ t_

0 0
•8 T3
_Q) JD

"o "o
.0 .0

Q. CD CD

O CD CD
C/3 O) O)

H
ep

ta
ge

ni
a

ph
em

er
id

ae
H

ex
ag

en
ia

in

CN

O) GO

,_ ,_

CD
CM

o
CN

^_^ ___x

"5 "o
C- C-
in TJ-

en to w
CD CD CD
O) O) O5
c c c

5 5 5

i i i

^

2 i- i-
"C o o
« s s
•5 JJ J3J

CD CD CD

CO ±± ±±

ae
tid

ae
on

yc
hn

da
e

Is
on

yc
hi

a

DQ J2

-

,_

^^
~o
C-
l~~

tO j/5

CD CD
.0 jQ

i i
f •» r 1

sp
ra

w
le

rs
/i

sp
ra

w
le

rs
/t

0 0

CD CD
^3 ^3
CD CD

Q. Q.

d
o
n
a
ta

or
du

ln
da

e
M

ac
ro

m
ia

O 0

^

^_^
"o "o
C- C-
O) CD

cl
im

be
rs

cl
im

be
rs

o o
CO CD
T3 -0
CD CD

Q. Q.

ae
na

gn
on

id
ae

es
ch

ni
da

e

0 <

^

-

T- CN

CO

^^
"o
C-
CO

cl
im

be
rs

bu
rr

ow
er

s
bu

rr
ow

er
s

o o o
CO CO CO
•o -o -a
CD CD CD

a. a. a.

B
oy

er
ia

om
ph

ld
ae

G
om

ph
us

O

^_ ,_

-

CN T-

x™ î
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^Û

TJ
E

(O

C
ric

ot
op

us

CM

"-

0) CD

3 3
CO CO

CL CL
</) GO

to to
o o
73 0

"o "o
o o

to

R
he

oc
ric

ot
op

L
E

uk
ie

ffe
ne

lla

to to
CD CD

3 3
CO CO

CL CL
to to

to
0 0
CO 0
•0 .CD

E 0
Q. 0

N
llo

ta
ny

pu
s

P
ot

th
as

tia

CO

CO

T —

CM

•r
ow

er
s

.a

0
CO

E
CL

C
ar

di
oc

la
di

us

,—

CM

•a
w

le
rs

•r
ow

er
s

Q. =3to -Q

to to
1_ l_

0 0
o o

_CD JD

"5 "5
o o

C
or

yn
on

eu
ra

S
m

itt
ia

CM

••-

£
Qi
O)

"o

i2
QJ
CL
COu.
O
to

en

P
ha

en
op

se
ct

n

,_

CO

•r
ow

er
s

•r
ow

er
s

j~i ĵ
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